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High temperature materials such as superalloys rely on the formation of a protective surface oxide scale for 
prevention of corrosion. Such materials undergo periods of varying thermal and mechanical loads during 
operation, which can lead to cracking of the surface oxide. This exposes the material to corrosion, and can also 
act as stress concentrations, which affects the life of the underlying material. It is therefore necessary to 
consider the mechanical integrity of these scales while estimating material life. Several models have been 
developed in which fracture mechanics is utilized to estimate failure. But there is a lack of data such as fracture 
strains and elastic modulus for oxide scales. Conventional mechanical testing methods such as tensile and 
bending tests have been modified to obtain mechanical data, but it mainly applies to thick oxide scales (several 
µm thick). These methods are also limited with respect to isolating substrate and residual stress effects. For 
advanced materials, where the oxide formation kinetics are low, new methods are required in order to assess 
the mechanical properties.  
 
Focused ion beam milling (FIB) enables the preparation of micron-sized specimens, which can be tested using 
in-situ nanoindenters in order to obtain mechanical properties. Micro-cantilever bending has been used for such 
purposes for thin film systems and other ceramics. However, there are very few studies on oxide scales. In this 
work, we present results from the first tests of fracture properties of thermally grown thin (1-3 µm) chromia 
scales. A previously developed method [1], which uses a modified micro-cantilever geometry to circumvent 
residual stress effects (Figure 1(a)) was utilized to measure fracture strains at room temperature (RT) and 600 
°C. New insights into fracture of chromia were obtained, where it was seen that the fracture strains are 
significantly lower at 600 °C in comparison to RT. Surprisingly, transgranular fracture was observed even in the 
presence of geometric stress concentrations at grain boundaries (Figure 1(b)), and the removal of the surface 
roughness increased the fraction of transgranular fracture. This points towards the need for dedicated studies of 
both grain boundary fracture and cleavage of single crystals in the oxide, and an initial approach towards this 




Figure 1: (a) geometry of FIB milled oxide cantilevers; (b) fracture surface of tested cantilever with cleavage 
fracture (arrows show river patterns). 
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